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BELTS WITH INTEGRAL FLIGHTS FOR USE IN HIGH-TEMPERATURE FOOD 
PROCESSING EQUIPMENT AND SYSTEMS INCLUDING SUCH BELTS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a divisional of U.S. Patent Application No. 09/608,649 filed June 
30, 2000 which claimed benefit under 35 U.S.C. § 1 19(e) of U.S. Provisional Patent 
Application No. 60/142,758, filed on July 8, 1999, the disclosures of both applications are 
hereby incorporated by reference. 

TECHNICAL FIELD 

[0002] The invention relates to new and useful modifications of smooth-faced, flexible, 
fabricreinlorced silicone or fluoropolymer composites. The invention also relates to methods 
for producing these modified composites economically. The flexible composites of the 
invention are useful in a variety of applications, for example, for making conveyor belts. In 
particular, conveyor belts made in accordance with the invention are useful in processes for 
high temperature food preparation, such as quick service toasting. 

BACKGROUND 

[0003] Silicone rubber-coated fiberglass fabrics, a type of silicone rubber flexible 
composite, and polytetrafluoroethylene ("PTFE") coated and/or laminated fiberglass fabrics, 
a type of fluoropolymer composite, are commonly used in conveyor belts for diverse 
applications. These applications typically require composites that are flexible and thermally 
stable in operating environments exceeding 300°F. The composites must also possess a low- 



001.1569913.1 



Atty. Dkt. 025948-0158 

energy surface to ensure easy release of sticky, viscous, or adhesive materials. In some cases, 
the composite surface should have a high coefficient of friction, or other surface 
characteristics or modifications that will allow the belt to transfer lateral force to articles 
resting on, pressed against, or otherwise being conveyed by the belt. 

[0004] Rubbers used in the construction of conveyor belts are generally considered to be 
relatively high-friction materials. However, the coefficient of friction between the surface of 
a typical conveyor belt made with silicone rubber-coated fabrics and the surface of objects 
contacting the belt is sometimes insufficient to prevent objects from slipping on the surface. 
Slippage can occur, for example, when the belt is used to carry objects up or down an incline, 
or when the belt is employed to provide lateral force to urge an object, slightly compressed 
between the conveyor belt and another surface, along that surface. In some applications, such 
as in cooking, dirt, grease, oil, or other contaminants deposited on the surface of the belt 
further reduce the coefficient of friction and increase the occurrence of slippage. 

[0005] Ridges, ribs, lugs, or other protuberances may be configured into, or upon or 
attached to the surface of the conveyor belt to prevent objects on the belt from slipping. The 
protuberances applied to the surface are sometimes referred to collectively as a flight, and a 
conveyor belt so modified is called a flighted belt. The flight may consist of separately 
molded, extruded, or otherwise formed components attached to the belt with adhesives or 
mechanical fasteners, or the components may be molded into the surface of the composite. 
The latter operation entails the use of expensive and inflexible molding or embossing dies 
and equipment. 

[0006] Flighted conveyor belts have been employed in the prior art for a variety of end 
uses. However, a flighted conveyor belt is not known in the art for use in a food cooking 
application wherein the belt is used to convey objects continuously through a heating zone of 
extremely high temperatures ranging from 250°F to 525°F. At these high temperatures, belts 
presently used tend to mark or overly compress objects being cooked, giving the cooked 
objects an undesirable appearance. 

[0007] For example, in a contact toaster device such as the one shown in U.S. Patent No. 
4,530,276, issued July 23, 1985 to Dye 0. Miller, a metal-linked conveyer belt conveys food 
objects, such as buns, along and against a heated platen to toast the buns. The buns may be 
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marked by the heated belt or overly compressed against the platen resulting in an undesirable 
appearance. It would be desirable to create a conveyor belt that efficiently moves objects 
through a heating zone without marking or overly compressing the objects during cooking. 
Smooth silicone non- flighted belts available in the art are capable of eliminating markings, 
but do not exert sufficient lateral force to move food objects consistently and reliably along a 
heated platen, particularly as the belts become contaminated with grease and debris. 
Consequently, the food objects do not travel through the heating zone for the prescribed time, 
resulting in non-uniformity of the cooked product. The present invention was developed to 
overcome these deficiencies. 

[0008] It is an object of the invention to provide modified flexible composites with integral 
flights. Another object of the invention is to provide a method for producing the flighted 
conveyor belts of the invention. It is an additional object of the invention to provide a flexible 
composite for use as a conveyor belt in a contact toaster for moving food items. The flexible 
composites of the invention may also be used as a conveyor belt cover in contact toasters 
wherein the conveyor belt cover is driven by a chain belt such that the ribs on the flighted 
face of the conveyor belt cover contact the chain belt and engage horizontal wire elements in 
the chain belt to reduce slippage between the conveyor belt cover and the chain belt. 

[0009] It is further an object of the invention to provide a flexible composite for use as a 
conveyor belt in a vertically-oriented roll toasting machine wherein the conveyor belt 
contacts theouter, uncut surface of the roll halves, and provides lateral force to the rolls such 
that the rolls slide with their cut surface along a stationary, toasting surface, without 
producing indentations, markings or blemishes on the outer surface of the rolls. 

[0010] It is a further object of the invention to provide a flexible composite for use as a 
conveyor belt in a food preparation or other device involving liquid flow wherein the 
conveyor belt comprises multiple ribs raised above the face of the belt that contacts the 
involved food or other article wherein the raised ribs control or direct liquid flow between the 
articles and the belt. 

[0011] It is a further object of the invention to provide a flexible composite for use as a 
conveyor belt in a variety of devices, for example a semiconductor processing machine, 
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wherein the conveyor belt comprises multiple raised ribs that control or direct the spacing or 
location of articles upon the conveyor belt in up to three dimensions. 

[0012] A further object of the present invention is to provide a flexible composite for use as 
a conveyor belt in a variety of automated mechanical devices, for example, an automated 
mechanical conveyor machine, wherein the conveyor belt comprises multiple ribs raised 
above the face of the belt wherein such ribs mold, cut, shape, contain, or retain the articles 
upon the conveyor belt for use in moving the articles through an assembly operation. 

[0013] A further object of the present invention is to provide a flexible composite for use as 
a texture producing belt in an architectural or other decorative/artistic application wherein the 
belt comprises multiple ribs raised above the face of the belt wherein such ribs directly or 
indirectly, through molding, offset, or transfer processes, provide architectural or decorative 
textures to a variety of materials for use in such applications. 

[0014] A further object of the present invention is to provide a flexible composite for use as 
a production belt in a materials production process, wherein the production belt comprises 
multiple ribs raised above the face of the belt wherein such ribs include absorbers or 
susceptors of infrared, microwave, or radio frequency radiation or electrically conductive 
fillers allowing the ribs to be heated or otherwise energized so that they can be used to brand, 
mark, emboss, laminate, or otherwise impress or texturize appropriate materials for use in a 
wide array of applications, such as, for example, bubble packaging. 

[0015] The conveyor belts of the invention are suitable for use in high temperature 
applications, and may be constructed of various composites, including fabric-reinforced 
silicone rubbers, urethane rubbers, or fluoropolymer, including fluoroplastics (such as PTFE) 
and fluoroelastomers, or blends thereof The methods for making such flexible composites 
allow for flexibility in forming the shape, height and other characteristics of the flight. 
Advantageously, in cooking applications, conveyor belts of the invention and conveyor belts 
made of composites using the methods of the present invention provide a means for ensuring 
uniform time and temperature exposure of the object being cooked. In addition, such 
conveyor belts do not unduly mark or compress the object being conveyed through a zone of 
high temperature, are easily and quickly cleaned after use, and are relatively inexpensive to 
produce. 
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SUMMARY 

[0016] The invention relates to a modified flexible composite useful for many applications. 
In particular, the flexible composite is useful for making flighted conveyor belts. Conveyor 
belts made with the composites of the invention are stable and suitable for conveying 
materials, such as food, through high temperature heating apparatuses. 

[0017] In one embodiment, a flexible composite comprises a reinforcement material having 
two faces, wherein at least one face consists of a coating with multiple ribs raised above the 
face. The ribs may be oriented in a regular, repeating, natural, random or cyclical pattern. The 
ribs may be composed of the same material as the coating of the composite. The ribs are 
formed or made onto or adhered to the smooth surface of the face of the composite. The face 
of the composite and the ribs may be made of various materials, including silicone rubbers, 
urethane rubbers, or fluoropolymer, including fluoroplastics (such as PTFE) and 
fluoroelastomers, or blends thereof The reinforcement material can be selected from various 
types of fibers, fabrics, or films, including fiberglass, nylon, polyester, or aramid, preferably a 
glass fiber, or polyethylene, polyolefins, polyimides, or films thereof 

[0018] These and further objects will become apparent from the following brief description 
of the drawings and detailed description. 

i 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGURE 1 is an end view of a metering and wiping arrangement used in producing 
composites of the invention. 

[0020] FIGURE 2 is a top view of a composite of the invention having a sinusoidal (wavy) 
rib spacing pattern, and a side view of the notched wiper blade used in producing the pattern. 

[0021] FIGURE 3 is a side view of a typical food cooking apparatus employing the flexible 
composite conveyor of the invention. 
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FIGURE 4 is a top view of an embodiment of the invention used as a cooking belt. 



DETAILED DESCRIPTION OF THE INVENTION 

[0023] The invention provides a flighted, flexible composite useful for many applications. 
In particular, the invention provides a flexible composite comprising a reinforcement material 
with a coating on at least one face having a multiplicity of ribs raised above the coated face, 
in a regular, repeating, natural, random, or cyclical pattern. The flighted flexible composites 
of this invention are particularly useful for making conveyor belts. The flighted conveyor 
belts of the invention can be used, for example, in the food industry in conjunction with high 
temperature food processing, ranging from about 300°F to 525°F in cycles of short duration, 
for example, less than 30 seconds, without significantly altering performance. For example, 
in one embodiment of the invention, a conveyor belt is made of a flighted fabric-reinforced 
silicone rubber composite that can withstand temperatures up to 450°F for short duration. In 
another embodiment, the flighted conveyor belt is made of a PTFE composite that can 
withstand temperatures up to 525°F for short duration. It is envisioned that the flighted 
conveyor belt may also be constructed from urethane rubber in an application that involves 
temperatures that will not compromise the integrity of the urethane rubber. 

[0024] The flexible composite of the present invention comprises a reinforcement material 
with a coating on at least one face, and a multiplicity of ribs raised above the coated face of 
the reinforcement material. The multiple ribs comprise preferably more than one rib per 
linear foot of composite, and may include up to and including as many ribs as practically and 
workably may fit for a given application per foot of composite. However, the number of ribs 
per linear foot is application-specific as is their orientation and configuration (the density of 
ribs per linear foot and shape and height of the ribs). The multiple ribs raised above the 
coated face of the reinforcement material of the flexible composite may be oriented in a 
regular, repeating, natural, random, or cyclical pattern. A regular pattern includes, but is not 
limited to, a normal or standard pattern to be used for a particular application. A repeating 
pattern includes, but is not limited to, any pattern wherein the ribs repeat, whether the ribs are 
identical or different in shape, size, type, or purpose. Repeating patterns may also include a 
collection of ribs of different sizes and shapes that repeat as a series around the belt. A natural 
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pattern includes, but is not limited to, any pattern wherein the ribs result from the ordinary 
course of the production process. A random pattern includes any pattern that is not regular, 
repeating, natural, or cyclical, as described herein. A cyclical pattern includes, but is not 
limited to, any pattern which includes a circular or spiral arrangement of ribs or any pattern 
which is recurring and starts over again. 

[0025] In accordance with one embodiment of the invention, a continuous web of a 
reinforced silicone rubber composite, bearing a multiplicity of longitudinal raised parallel ribs 
on its surface, is produced by dip-coating, metering and/or wiping, applique, and thermal 
curing processes. The ribs are parallel to one another and are generally parallel with the 
longitudinal dimension of the web. The ribs may be straight or may incorporate a regular, 
repeating, natural, random or cyclical pattern, including joined "S-shaped" curves, sinusoidal 
waves, or zigzags. The ribs may be continuous or discontinuous, i.e., resembling dashed or 
dotted lines. The ribs may also be on one or both faces of the web, and the pattern formed by 
the ribs on one face may be the same or different from the other face. 

[0026] The reinforcement material used in this invention may be fiberglass, nylon, 
polyester, aramid, polyethylene, polyolefins, polyimides, or other fiber or film suited to the 
end use of the flexible composite and the operating temperatures in which it will be used. 

[0027] In one method of the invention, flighted flexible composites are produced in a 
continuous process whereby reinforcement material is paid off a roll and saturated and/or 
coated with a controlled amount of a platinum catalyzed, addition cure, solventless, liquid 
silicone rubber ("LSR") formulation. The LSR formulation has a viscosity, for example of 
10,000 to 1,000,000 centipoise, preferably between 10,000 and 100,000 centipoise. The LSR 
formulation used in this invention is typically composed of a commercially available two 
component system, for example, A and B components that are mixed in a specified ratio, 
typically 1:1 or 10:1. Each component typically contains. vinyl-terminated 
polydimethylsiloxane polymers and may contain fumed silica as a reinforcing filler, and/or 
extending filler. Typically, one component, for example the A component, contains a 
catalyst, and the other component, for example the B component, contains a crosslinking 
agent and an inhibitor that is removed by heating to allow the LSR formulation to cure into a 
solid rubber. The LSR formulation may also incorporate pigments and/or other additives. 
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[0028] In the coating process of a method of the invention, reinforcement material having 
two faces is typically drawn around an idler roller and immersed in a bath of LSR 
formulation. The reinforcement material is thus saturated and/or coated to form a web. The 
saturated and/or coated reinforcement material is then drawn through wipers. The wipers 
used in the coating process may be wiper blades, wiper bars, or metering rods, and are set up 
and/or adjusted to remove the excess formulation picked up in the bath allowing the desired 
amount to remain on the web. 

[0029] If a series of straight, parallel, longitudinal ribs is desired, the wipers used to meter 
the LSR formulation on a face of the reinforcement material, may have a series of grooves or 
notches incorporated in the wipers, which corresponds to the number, spacing, and size of the 
ribs desired. The final cross-sectional shape of the ribs thus formed will be controlled by 
several factors, including: the shape and size of the grooves in the wipers; the rheology of the 
LSR formulation; and the web speed or the speed at which the reinforcement material is 
drawn and the web is produced. 

[0030] If a series of parallel wavy or zigzag ribs on a face is desired, a secondary, 
reciprocating wiper with a series of grooves or notches corresponding to the number, spacing, 
and size of the ribs desired, may be used to redistribute the application of LSR formulation as 
the web moves past the wiper to produce the desired rib pattern. The nature of the 
reciprocating motion will determine the type of cyclical pattern produced. For example, a 
wiper driven by an ordinary crank rotated at a constant speed will produce a sinusoidal wave; 
one driven back and forth at a constant linear speed, as by an air cylinder working against a 
dashpot, will produce a zigzag pattern, and so forth. The frequency of a repeating pattern in 
the finished product may be controlled by the relationship between the frequency of the 
reciprocating motion and the web speed. The amplitude of the repeating pattern may be 
controlled by the stroke of the reciprocating mechanism. 

[0031] The web thus coated is completed by passing the web through an oven or other 
heating device, raising the temperature of the coating sufficiently to drive off or decompose 
the inhibitor allowing the LSR formulation to cure into a solid rubber. 

[0032] In another embodiment of the invention, flighted flexible composites of the 
invention may also be produced in a two-operation process. This two-operation process is 
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similar to the process described above, except that a smooth coating of silicone rubber is 
applied to reinforcement material in a first operation to one or both faces of the web, and a 
pattern of parallel ribs onto the coating of one or both faces of the web is applied in a second 
operation. In the two-operation process, the LSR formulation employed for forming the ribs 
in the second operation can be the same as or different from the LSR formulation used for 
coating a face of the web in the first operation, so long as the two formulations are 
compatible with one another and the ribs adhere adequately to coating on the face. The ribs 
may be comprised of softer or harder rubber than the coating. The ribs may also be formed of 
a LSR formulation having a higher viscosity than the LSR formulation of the coating to allow 
better control of their cross-sectional shape. The ribs may be pigmented differently than the 
coating on the face of the web. The ribs may be different in other respects from the coating as 
demands imposed by the intended application or the processing characteristics of the raw 
materials may require. 

[0033] In another embodiment of the invention, the web may also be saturated and/or 
coated with an LSR formulation by means of applicators, instead of by dipping and wiping as 
described above. Also, in both the one-operation and two-operation processes, the ribs may 
be generated by applying the LSR formulation that forms the ribs by an applicator, die or 
manifold with a series of openings or nozzles corresponding to the number, spacing, size, and 
shape of the ribs desired. 

[0034] If a series of straight, parallel ribs is desired, the applicator, die or manifold will be 
stationary as the web moves past the applicator, die or manifold to produce the desired rib 
, pattern. If parallel wavy or zigzag ribs on a face are required, the whole applicator, die or 
manifold is moved back and forth across the face of the moving web as the LSR formulation 
is applied. The LSR formulation forming the ribs may be applied in this manner in the same 
operation in which the coating is applied, in which case both applications may be cured at the 
same time, or in separate operations. Although it involves a somewhat more complicated 
process, the use of an applicator, die or manifold to apply LSR formulation to form the ribs 
may offer advantages. By modulating the supply of LSR formulation to the applicator, die or 
manifold, discontinuous ribs, resembling dashed or dotted lines, or ribs periodically varying 
in thickness or weight, may be produced. Even in a one-operation process, the LSR 
formulation used to form the ribs may be pigmented differently from the coating. LSR 
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formulations used in this applicator method can have a higher viscosity than that which could 
be employed in a dipping or wiping method thereby allowing the shape of the ribs to be 
controlled primarily by the shape of the applicator, die or manifold openings. 

[0035] In accordance with another embodiment of the invention, a continuous web of a 
reinforced fluoropolymer composite, bearing a series of longitudinal raised parallel ribs on its 
surface, is produced by dip-coating, metering and/or wiping, applique, and thermal curing 
processes. The ribs are parallel to one another and generally parallel with the longitudinal 
dimension of the web. The ribs may be straight or incorporate a regular, repeating natural, 
random or cyclical pattern, for example, joined "S-shaped" curves, sinusoidal waves, or 
zigzags. The ribs may be continuous or discontinuous, i.e., resembling dashed or dotted lines. 
The ribs may also be on one or both faces of the web, and the pattern formed by the ribs on 
one face may be the same or different from the other face. 

[0036] In this embodiment, flighted flexible composites are produced in a continuous 
process whereby reinforcement material is drawn from a roll and coated with unfused 
fluoropolymer by dipping the reinforcement material in an aqueous dispersion or latex 
containing the desired fluoropolymer. Excess dispersion is removed from the web by wiping 
or metering, or drying to remove the water. Lastly, the web is heated to remove most of the 
surfactant, using techniques familiar to those skilled in the art of producing PTFE coated 
and/or laminated reinforced composites, described for example in U.S. Patent No. 5,141,800 
to Effenberger et. al. Typically, the fluoropolymer coating operation will be repeated several 
times in order to apply the desired amount of fluoropolymer. In a preferred embodiment, the 
fluoropolymer on at least the outer surface of the coated web is comprised of unfused PTFE, 
capable of acting as a thermally activated, pressure sensitive adhesive as described in U.S. 
Patent No. 5,141,800. 

[0037] The web, now consisting of reinforcement material coated with unfused 
fluoropolymer, is then fed through a nip between rollers, at least one of the rollers being 
covered with rubber or other compliant material. Beadings of unfused extruded PTFE are 
supplied to the nip in a stream or streams. Similarly, silica beads may be supplied to the nip 
in a stream or streams. The number of streams of beadings corresponding to the number of 
ribs desired. The beadings used may have a diameter from about 1/32" to about 1/2", 
preferably from about 1/32" to about 1/8". The position of the streams of beadings supplied 
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are controlled by multiple guides gauged together in one unit ("guide unit"). The streams of 
headings may be continuous or discontinuous corresponding to the pattern of the ribs desired. 

[0038] If a series of straight, parallel, longitudinal ribs is desired, the guide unit will have 
incorporated in it a series of individual guides, corresponding to the number and spacing of 
the ribs desired. Under the pressure applied by the nip, the unfiised PTFE headings and the 
fluoropolymer on the surface of the web adhere to one another, as described in U.S. Patent 
No. 5,141,800, incorporated herein by reference, thereby bonding the PTFE headings to the 
surface. Similarly, where silica beads are used, the silica beads and the fluoropolymer on the 
surface of the web adhere to one another under the pressure applied by the nip. The final 
cross-sectional shape of the ribs thus formed will be controlled by several factors, including: 
the cross-sectional shape and size of the beading used; the density of the beading; the tension 
applied to the beading as it is supplied to the guide; the characteristics of the compliant 
covering on the nip roller or rollers; and the web speed used in the process. 

[0039] If a series of parallel wavy or zigzag ribs is required, the guide unit may be moved 
back and forth as the web moves past it to produce the desired cyclical pattern. The nature of 
the reciprocating motion will determine the type of cyclical pattern produced. For example, a 
guide unit driven with an ordinary crank rotated at constant speed will produce a sinusoidal 
wave; one driven back and forth at constant linear speed, as by an air cylinder working 
against a dashpot, will produce a zigzag pattern, and so forth. The frequency of the repeating 
pattern in the finished product will be controlled by the relationship between the frequency of 
the reciprocating motion with the web speed. The amplitude of the pattern will be controlled 
by the stroke of the reciprocating mechanism. 

[0040] The web with ribs thus applied is then passed through an oven or other heating 
device, raising the temperature of the coating and the ribs sufficiently to fuse the 
fluoropolymer components. 

[0041] In accordance with the invention, the web, when completed, may be converted into 
conveyor belts of lengths less than the width of the original web as manufactured, by cutting 
the original belt, with cuts perpendicular to the longitudinal dimension of the web, to a length 
that corresponds to the width of the belt required. When belts are made in this way, the 
longitudinal direction of the patterns of ribs, which was parallel with the longitudinal 
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dimension of the web as manufactured, becomes transverse or perpendicular to the 
longitudinal dimension of the conveyor belt, also referred to as the "machine direction," of 
the belt. Again, the ribs may be either straight and parallel, exhibit some cyclical pattern, or 
exhibit some other pattern as described herein. Belts of any practical length, and width up to 
the width of the web as manufactured, may of course also be produced by cutting the web to 
the length and width of the web desired. In both cases, the belts are completed by the 
attachment of lacings, flaps, edge reinforcement, guiding hardware, etc., as required. 

[0042] Belts with integral flights according to this invention enhance the performance of 
certain types of commercial food-processing equipment in which items of food, for example 
bread products, slide along a heated cooking surface, for example a griddle or grill, in a 
continuous toasting or grilling operation. For example, in contact toasters, the lateral force to 
slide the food item along the cooking surface may be provided by a so-called chain belt or 
link belt conveyor (see, for example, U.S. Patent No. 4,530,276). These chain belts have 
horizontal wires. The longitudinal dimension of the horizontal wires are perpendicular to the 
direction that the belt is moving and the horizontal wires move in a plane parallel to the 
cooking surface. The distance between the belt path and the cooking surface is adjusted to 
slightly compress the food items, allowing the horizontal wires to provide the lateral force to 
move the food along the cooking surface. The localized pressure exerted by the relatively 
small-diameter wires is often sufficient to leave permanent marks on the food items, which in 
some cases is undesirable. The chain belt is essentially an open configuration and therefore is 
unable to retain heat in the food items. In cases where the food item is to be served warm, this 
loss of heat is also undesirable. 

[0043] These and other deficiencies are eliminated by using the flighted composites of this 
invention as a conveyor belt cover or an outer belt covering a metal link type conveyor belt. 
The flights and surface characteristics of flexible composites of the present invention allow 
the conveyor belt covers to impart sufficient lateral force to move the food items along a 
cooking surface. The normal force applied to the food items is low and sufficiently well 
distributed that the food items are not marked or damaged. The continuous nature of the belt 
and its thermal characteristics combine to impart heat uniformly to the food items and warm 
them to serving temperature. 
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[0044] It is also contemplated that belts according to this invention used alone, as the 
primary conveyor and not merely as a cover or used in conjunction with a chain belt, link 
type belt or other belt, could perform the above functions equally well in suitably designed 
food-processing equipment. 

[0045] Belts with integral flights according to the present invention further allow for the 
control of liquid flow in the process of cooking food, including, for example, meat products, 
which slide along, above, or below a heated cooking surface in a continuous cooking or 
grilling operation wherein liquid flow may occur. For example, in a continuous grilling or 
broiling machine, belts with integral flights according to this invention serve to direct liquid 
below the food article between the belt and the food article in the space provided by the ribs. 
In this way, the flow of liquids, such as juices or grease from meat products or marinades, 
may be controlled to flow away from or drain from the food. 

[0046] The raised ribs of the integral flights of this invention are also envisioned to control 
the spacing and location of articles, including food articles, upon the belt of the present 
invention. Spacing in the vertical direction of an article upon the belt of the present invention 
may be controlled by the height of the ribs and location in two horizontal dimensions, one 
along the length and one along the width of the belt, may be controlled by strategic placement 
of the ribs. For example, in cooking, it may be desired to keep food articles upon the belt 
above and without direct contact with the face of the belt and only in contact with the raised 
ribs. In this way, the degree of cooking, amount of drainage or liquid flow, and degree of 
marking, if any, may be controlled by the height of the ribs. Moreover, maintaining belt 
spacing above a slider bed may be desired, with the ribs containing durable fillers as 
sacrificial wear strips so that heating or cooling fluids may be introduced beneath the belt. In 
the two horizontal directions, in may be desired to index or track the number or amount of 
articles passing a point on the belt or in the cooking process with the ability to count some or 
all articles passing. By using a flighted belt of the present invention including ribs in a 
grooved or guided pattern, it is possible to direct articles to a certain location on the belt 
which may then be indexed or tracked by some tracking or indexing means. 

[0047] The beneficial characteristics of spacing, locating, and control of liquid flow of the 
present invention are also contemplated for use in applications not involving food 
preparation. For example, in the manufacture of computer or electronics equipment, it may be 
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desired to vertically space or horizontally locate articles, for example, semiconductors or 
parts thereof in the processing stages of manufacturing components, such as circuit boards. 

[0048] A further contemplated use of the flexible composite of the present invention is as a 
conveyor belt wherein the raised ribs are patterned to mold, cut, shape, contain, or retain the 
articles upon the conveyor belt. In food preparation applications, such a belt could include 
ribs of a circular pattern and, for example, be used to mold and cut dough or batter into 
desired shapes and sizes for tortilla or flatbreads or the like, or mold and contain or retain 
liquid or semi-liquid foods, such as egg mixtures or gelatin for fast foods or desserts. In non- 
food preparation applications, the flighted belt may include ribs in a pattern designed to 
contain bulk material, such as powders or small parts. 

[0049] The flexible composites of this invention may further be used as a texture producing 
belt in an architectural or other decorative or artistic application wherein the belt comprises 
multiple ribs raised above the face of the belt wherein such ribs directly or indirectly, through 
molding, offset, or transfer processes, provide architectural or decorative textures to a variety 
of materials for use in the architectural or decorative arts. 

[0050] The flexible composites of this invention may further be used as a production belt in 
a materials production process, wherein the production belt comprises multiple ribs raised 
above the face of the belt wherein such ribs include absorbers and/or susceptors of infrared, 
microwave, or radio frequency radiation or electrically conductivie fillers allowing the ribs to 
be heated or otherwise energized so that they can be used to brand, mark, emboss, laminate, 
or otherwise impress or texturize appropriate materials for use in a wide array of applications, 
such as, for example, bubble packaging. 

[0051] Figures 1 through 4 illustrate some aspects of this invention. 

[0052] Fig. 1 shows an end-view of the metering and wiping arrangement used in 
producing the silicone rubber coated web with integral flights. A web of glass fabric 1 is 
drawn through a reservoir of liquid silicone rubber (LSR) 2. The web, now coated with an 
excess of uncured LSR 3 emerges from the reservoir and is drawn between a smooth steel 
wiper bar 4 and a circumferentially grooved wiper bar 5, the size, number and spacing of the 
circumferential grooves corresponding to the size, number and spacing of the straight, 
parallel ribs desired on the face of the product on the right in the drawing. At both ends the 
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wiper bars are rigidly clamped against spacers (not shown) made of steel feeler gauge stock, 
to maintain the desired gap between the wipers. The web, now carrying straight, parallel ribs 
of LSR on the face to the right in the drawing 6 and a metered uniform coating of LSR on the 
face to the left in the drawing 7 is drawn past a secondary, notched wiper blade 8, which 
contacts the face of the product on the left in the drawing and oscillates in and out across this 
face in the axis normal to the drawing, redistributing the layer of LSR on the surface to form 
a repeating pattern of parallel, wavy ribs 9. The size, number and spacing of the notches in 
the wiper blade correspond to the size, number and spacing of the parallel, wavy ribs desired. 
The nature of the oscillating motion will determine the basic nature of the waves produced. 
The frequency of the repeating pattern will be controlled by the relationship between the 
frequency of the reciprocating motion with the web speed. The amplitude of the pattern will 
be controlled by the stroke of the reciprocating mechanism. The web now coated with 
uncured LSR metered and patterned as desired, enters the tower oven above (not shown) to 
be cured. 

[0053] Fig. 2 shows the notched wiper blade 9 that contacts the face of the product on 
which the wavy pattern is desired. The notches 10 are sized and spaced according to the 
desired sizing and spacing of the wavy ribs. As the web 11 moves past the wiper in the 
direction of the arrow 12 and the notched wiper moves back and forth perpendicular to the 
web direction, the pattern of wavy ribs 13 is formed. The straight parallel ribs on the face of 
the web not shown in the figure, formed by the circumferentially grooved metering bar, are 
indicated with dotted lines 14. 

[0054] Fig. 3 shows a cross-section of the type of food-processing equipment in which 
silicone rubber belts with integral flights according to this invention enhance performance. In 
this equipment, items of food, for example bread products, slide along a heated cooking 
surface 15 in a continuous toasting or grilling operation. The lateral force to slide the food 
item along the cooking surface is provided by a silicone rubber belt 16 according to the 
invention, covering a chain belt 17 that is driven by rotating sprockets 18. The chain belt has 
horizontal wires 19, their long dimension perpendicular to the direction of the moving belt, 
that engage the parallel straight ribs 20 on the inner side of the silicone belt, preventing 
slippage. The distance between the belt path and the cooking surface is adjusted to slightly 
compress the food item. The wavy ribs and the surface characteristics of the silicone rubber 
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allow the belt to impart sufficient lateral force to move the food item along the cooking 
surface in the direction indicated by the arrow 21, yet the compressive force applied is low 
enough and sufficiently well distributed that the food item is not marked or damaged. The 
continuous nature of the belt and its thermal characteristics combine to retain heat in the food 
item and warm it to serving temperature. 

[0055] Fig. 4 shows a cooking belt blank cut from a web produced as described in Example 
5. The long dimension 22 of the belt is perpendicular to the long or machine direction 23 of 
the web as coated. The cleats 24 on the face of the belt are directly opposite essentially 
identical cleats on the face of the belt not visible. The tops of the cleats stand between about 
0.020 inches and 0.050 inches above the smooth background surface 25. 

[0056] The following examples ; are illustrative in nature and are not to be interpreted in a 
limiting sense. Those skilled in the art will recognize that various modifications can be made 
to the methods and flighted flexible composites described herein without departing from the 
spirit and scope of the present invention. 

EXAMPLE 1 

[0057] A roll of 38 inch wide, 6 ounce per square yard ("osy") fiberglass fabric, industry 
style no. 7628, with most of the sizing removed by caramelization (210 finish) is coated by 
being drawn, at a rate of about 4 to 6 feet per minute, through a bath of an LSR formulation 
composed of 50 parts by weight each of Wacker Silicones Elastosil~ LR6289A and LR6289B 
and about 12 parts by weight of a red iron oxide masterbatch containing about 35 percent iron 
oxide and about 65 percent vinyl terminated silicone polymer. All components of the LSR 
formulation were certified by their manufacturers to comply with the requirements of21 

C.F.R. § 177.2600 for rubber articles intended for food contact applications. The viscosity of 
the formulation is about 50,000 centipoise. 

[0058] After the saturated and coated web emerges from the bath, the excess formulation is 
removed by drawing the web between two cylindrical wiper bars spaced about 0.0 15 inch 
apart. One bar is smooth; the other bar has incorporated regularly spaced circumferential 
turned grooves 0.125 inch wide and 0.125 inch deep on 1 inch centers. As the web is drawn 
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between these bars and excess material is removed, a smooth surface is produced on one face 
by the smooth bar, and a smooth surface broken by parallel, longitudinal ribs or ribs is 
produced on the opposite face by the grooved bar. The web is then drawn through a tower 
oven supplied with air at about 350°F to heat the LSR formulation sufficiently to remove the 
inhibitor and allow it to cure. The finished material weighs about 16 osy. The thickness in the 
smooth areas is about 0.0 12 inch. The ribs on the face containing them are lenticular in cross 
section; they stand about 0.025 inch high above the smooth surface and are about 0.2 inch 
wide at the base. 



EXAMPLE 2 

[0059] A roll of 6 osy fiberglass fabric is coated as described in Example 1 . After the 
saturated and coated web emerges from the bath the excess formulation is once again 
removed by drawing the web between two cylindrical wiper bars, one smooth and one with 
regularly spaced turned grooves. Again, as the web is drawn between these bars a smooth 
surface is produced by the smooth bar and a smooth surface broken by longitudinal ribs is 
produced by the grooved bar. 

[0060] In this example, however, the wet LSR formulation on the smooth face is subjected 
to a secondary wiping operation before it enters the curing oven, as follows. A wiper blade, 
with notches in the (otherwise straight) wiping edge about 0.0625 inch wide and 0.0625 inch 
deep, spaced about 1.5 inches apart on center, is positioned to lightly contact the web in the 
area between the smooth wiper bar and the oven entrance. The mounting of this blade is 
constructed so that the blade is free to slide back and forth across the face of the web in a 
plane perpendicular to the longitudinal dimension of the web. The blade is driven back and 
forth by means of a simple crank mechanism connected to the blade as the coated web is 
drawn past the blade. The smooth layer of LSR formulation on the surface is thus 
redistributed, producing a series of parallel, sinusoidal ribs. 

[0061] The web is then drawn through the tower oven and cured. The finished material 
weighs about 16 osy. The thickness in the smooth areas is about 0.0 10 inch. The parallel, 
straight ribs on the face containing them are similar to those described in Example 1 . The 
opposite face bears a series of parallel, sinusoidal ribs, running generally in the longitudinal 
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direction of the web. As a result of the speed of the web and the revolutions per minute and 
stroke of the crank mechanism used to drive the secondary wiper, the period of the sine wave 
pattern is about 4.5 inches and the amplitude is 1.5 inches, peak-to-peak. 

EXAMPLE 3 

[0062] A conveyor belt cover for use over a wire belt and to contact food items such as 
rolls and slide them along the surface of a heated platen in a high- volume restaurant toaster, 
is constructed from the material produced in Example 2, as follows. Using cuts perpendicular 
to the longitudinal dimension of the finished material, a length of material corresponding to 
the width of the desired belt is cut from the web. As the finished belt is to be about 1 1 inches 
wide and about 33 inches long, the length cut from the 38 inch wide web is 1 1 inches. The 
parallel, straight ribs, longitudinal on the web as it was coated, are now perpendicular to the 
longitudinal dimension of the belt to be constructed. Likewise, the sinusoidal ribs now also 
follow lines generally perpendicular to the longitudinal dimension of the belt. The piece is 
then cut to 33 inches and the belt is finished with the attachment of appropriate reinforcement 

material, lacings, and flaps to the narrow ends. 

* 

[0063] In the toaster, the sinusoidal ribs contacting the rolls are found to drive the rolls with 
less slippage than a smooth-faced belt made of similar materials. The difference in the 
effectiveness of the sinusoidal-ribbed belt and the smooth-faced belt becomes more apparent 
over time, as volatiles produced in the toasting process continue to be deposited on the web 
and build up, forming a glaze. The sinusoidal-ribbed belt continues to slide rolls effectively 
after 12 weeks in use with only minimal maintenance, whereas the similar, but smooth-faced, 
belt begins to slip after only about 3 weeks in use. Additionally, the transverse ribs on the 
opposite face of the belt engage the transverse wires of the wire belt, eliminating slippage that 
sometimes occurs with a smooth-faced belt. 

EXAMPLE 4 
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[0064] A sample of 6 osy fiberglass fabric, industry style no. 7628, greige finish, is coated 
with unsintered PTFE resin by being repeatedly drawn through a bath of aqueous PTFE 
dispersion, passed through a wiping arrangement to remove excess PTFE dispersion, and 
passed through a two-zone tower oven, which in the first zone dries the dispersion at 300°F 
and in the second zone heats the deposited PTFE resin to remove surfactants and other 
additives at 590°F, consolidating the resin layer. Repeating the operation several times yields 
a durable unfused PTFE coated glass fabric weighing about 10 osy, comprised of about 40 
percent by weight of PTFE. 

[0065] A beading of unftised, low density PTFE, about 0.050 inch in diameter and 1.54 
specific gravity, is prepared by extruding a paste consisting of coagulated dispersion PTFE 
resin mixed with about 18.5 weight percent refined mineral spirits (Exxon Isopar® G), 
through a circular die 0.050 inch in diameter, and drying the extrudate to remove the mineral 
spirits. The resin is from ICI AD 310 PTFE dispersion, and is obtained by mechanically 
coagulating the dispersion. The extruder barrel temperature is about 125°F; the extrusion 
pressure is in the range of about 15 to 18 kpsi, the extrusion rate varies between 10 and 17 
inches per minute. 

[0066] Lengths of the low-density, extruded PTFE beading are supplied to the moving 
surface of the unsintered PTFE coated glass fabric, through guides spaced 1.5 inches apart, 
immediately before .the fabric and the headings are drawn into a room-temperature nip 
between a 70 durometer (Shore A) rubber-covered roller and a steel roller. The face of the 
fabric to which the headings are supplied faces the rubber-covered roll. The web emerging 
from the nip was cut into sheets that were placed, individually, in an oven suitable for 
sintering the PTFE components of the construction. On removal from the oven, roughly 
semicircular, translucent, PTFE ribs were found to be well adhered to the sintered PTFE face 
of the composite. 

[0067] Thermal welding employing PTFE as a thermally activated pressure sensitive 
adhesive to create a joint whose thermal capability is as high as the PTFE composite itself 
using the materials of this example is contemplated. 

EXAMPLE 5 
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* [0068] A roll of 6 osy fiberglass fabric is saturated and coated with LSR as described in 
paragraph 1 of Example 1 . After the saturated and coated web emerges from the bath the 
excess formulation is removed by drawing the web between stationary, cylindrical wiper bars 
spaced about 0.015 inches apart, but in this example both bars are smooth, and a thin, smooth 
film of uncured LCR is metered onto both faces of the web as it passes through the gap 
between the bars. 

[0069] The web then passes between two identical arrays of 1 8 1 5 gauge cannulas, their 
tips spaced at 1.5 inch intervals, arranged in a line perpendicular to the longitudinal direction 
of the web, one array opposite each face of the web and positioned so that the tip of each 
cannula on one face is directly opposite the tip of the corresponding cannula on the opposite 
face, and located about 0.15 inch from the opposite tip, or 0.075 inch from the plane of the 
web passing between the two tips. The cannulas are supplied with LSR, viscosity about 
90,000 cps, at a pressure of about 350 psi, through pneumatically-operated valves. 

[0070] The arrays of cannulas are supported on a carriage so they can move as a unit in a 
transverse path perpendicular to the longitudinal or machine direction of the web. By means 
of a crank mechanism connected to the carriage, the cannula arrays can be moved back and 
forth in a reciprocating motion. If the valves were opened under these conditions as the 
moving web passed between them, a series of parallel, sinusoidal ribs, spaced 1.5 inches apart 
and running generally in the longitudinal direction of the web would be extruded onto the 
web, producing a pattern on both faces similar to that described in paragraph 3 of Example 2. 

[0071] In this Example, however, the valves supplying the cannulas are opened and closed 
automatically by a switch operated by a cam on the reciprocating mechanism. By this means 
the carriage motion and the valve operation are synchronized, so the valves open when the 
carriage is in the two, short, more-or-less linear segments of the stroke, i.e., when the crank 
arm is roughly perpendicular to the motion, and closed in the two, longer, non-linear 
segments when the crank arm is more nearly parallel. The web speed and carriage traverse 
speed are selected to produce a repeating pattern on both faces of the moving web consisting 
of transverse rows of 18 approximately linear, slanting cleats, about 0.75 inches long. All the 
cleats in each transverse row are approximately parallel to the adjacent cleats in that row, 
while in the machine direction the cleats in alternating rows alternate positive and negative in 
slope. The pattern produced covers the central 27 inches of the web. 
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[0072] The web is then drawn through the tower oven and cured. The finished material 
weighs about 14 osy. The thickness in the smooth areas is about 0.010 inches. The central 
region on both faces of the web is covered with a repeating pattern of slanting cleats, as 
shown in Fig. 4. The tops of the cleats are about 0.30 inches above the smooth areas. The 
cleats are directly opposite one another, so the thickness through the pair of cleats on opposite 
faces of the web is about 0.070 inches. 
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